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A I. INTRODUCTION
VAST amount of literature has been written on singularity and eigenmode expansion methods (SEM and EEM) during the last decade. Engineers and physicists stimulated interest in the subject (see [ 1 ] - [3] , [ 171, [ 181, and references given in these reviews). Mathematical analysis of the problems Manuscript received December 20,1979 The main results obtained in scalar wave scattering theory were generalized t o electromagnetic wave scattering without much difficulty. For this reason-and also for simplicity-we restrict ourselves to the presentation of the theory for scalar wave scattering.
A .

WHAT ARE SINGULARITY AND EIGENMODE EXPANSION METHODS
What Is EEM?
Consider the problem In a Hilbert space (infinite dimensional space) this is not true. For practice, it is important to have affirmative answers for questions 1) and 3). Indeed, if the eigensystem of A ( k ) does not form a Riesz basis but its root system forms a Riesz basis of H , then it is still possible t o solve (6) using the root system of A . This explains the significance of the root systems in EEM and SEM.
B. What Is SEhf?
In order t o explain what SEM is; consider the problem
where f E Corn (a smooth function which vanishes for large Ix I ). If G ( x , y, -p 2 ) is the Green function of the problem
then the solution of ( 1 2) can be written as Suppose that only a few terms in (1 7) are essential, e.g., 1-3. This will be true if I Re pi 1 9 1 Re p3-I for j > 3. Then in experiments the transient field u ( x , f ) is measured, and each p i , j = 1, 2, 3 is determined. It is assumed that the location of these complex poles of the Green function C(x, y , -p 2 ) can give information enough to identify the obstacle (the scatterer D). This assumption has not been backed theoretically. Nevertheless, if there is a finite set of scatters (say, flying targets), it is possible t o believe that a one-to-one correspondence can be established empirically between the scatterers and the corresponding complex poles.
An interesting inverse problem can be formulated in connection with this question.
Given a set of complex numbers From a practical point of view this problem may not be as important as it seems. First, only a few complex poles are available. It seems hopeless to make any general conclusions about the scatterer from this information without severe restrictions on the set of scatterers. (For example, if it is known e priori that the scatterer is a ball, it is possible t o determine its radius from the above information because the complex poles of the Green function for the domain exterior to a ball depend on the radius of the ball and can be calculated analytically so that the radius can be determined.) That is why this author thinks that, from a practical point of view, in order to use the SEM for identification of scatterers it is more useful to work out tables of responses of the typical scatterers than to try to develop a theory of the posed (which is very interesting from a theoretical point of view) inverse problem.
C. Questions Concerning EEM and SE:V
The following questions arise naturally in connection with the EEM and SEM methods. 1) Does the root system of the integral operators in diffraction theory (e.g., operator A ( k ) in (6)) form a Riesz basis of H?
2) When does the root system coincide with the eigensystem?
3 ) Do the complex poles of the Green function depend continuously on the obstacle? In more detail, suppose that xi = x i ( r l , t 2 ) , 1 < t , , t2 < 1 are parametric equations of ~a n d~'~= x~( t l , r 2 ) +~z~( f , , f 2 ) , 0 < t l , t 2 4 1 , 0 < are parametric equations of the surface of, a perturbed scat- tion of zeros of some functions?
terer. Let us assume that x i ( f ) , z i ( t )
€
WHAT HAS BEEN RIGOROUSLY ESTABLISHED I N EEL4 AND SEN?
In this section we give answers t o questions 1)-6) of Section 11-C. No proofs will be given, but the results obtained will be formulated and references will be given. Proofs are omitted for three reasons: 1 ) they are difficult for engineers, 2) they 5 ) Sufficient conditons for the validity of SEM expansion (1 7) were given in Section 11.
6) The set of the complex poles of the Green function of the problem (1)-(4) coincides with the set of the complex zeros of the eigenvalues p n ( k ) of the operator A ( k ) : 
IV. OPEN PROBLEMS
1) The inverse problem formulated in Section I1 is of interest. It is very interesting to have partial answers: what information about the geometry of a scatterer can be obtained from the location of the complex poles.
2) There is a conjecture [3] that the complex poles of the Green function of the problem (1)-(4) for a convex smooth compact boundary are simple. It would be interesting t o prove it or to give a counterexample. For impedance boundary condition there can be poles of order > 1.
3) It would be interesting to numerically test the method described in Section 111 for question 6)
in some practical problems.
4)
In [ 161 some properties of the purely real poles R e p i < 0, Im p i = 0 were established. It would be interesting t o tell what information about the geometry of an obstacle can be obtained from the location of the purely real poles. In the physics literature the complex plane k = ip is usually used. On this plane the purely real complex poles are purely imaginary, Re kj = 0, Im kj < 0.
5) It would be interesting to find an asymptotic distribution of the complex poles p i with the minimal real parts as j + w . 6) Is it possible to pass to the limit N --f in (1 7) and obtain a convergent series?
